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(54) Internal combustion engine and method for operating the same 

(57) This invention relates to an internal combustion 
engine and a method for operating the same, said engine 
comprising an intake passage arrangement with a plu- 
rality of intake valves associated therewith and an 
exhaust passage arrangement with at least one exhaust 
valve associated therewith, and a valve operating mech- 
anism including at least one camshaft for operating said 
intake and exhaust valves. At least one of said intake 
valves is temporarily uncoupled from said valve operat- 
ing mechanism while intake air is supplied through at 
least one intake valve opening associated with a remain- 
ing valve which continues to be operated. 
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Description 

This invention relates to an internal combustion 
engine comprising an intake passage arrangement with 
a plurality of intake valves associated therewith and an s 
exhaust passage arrangement with at least one exhaust 
valve associated therewith and a valve operating mech- 
anism including at least one camshaft for operating said 
valves. Furthermore, this invention concerns a method 
for operating an interna) combustion engine. 10 

Proposals have been made to make air/fuel ratios 
(A/F) lean to 20 or higher, for example to allow combus- 
tion which improves fuel economy, improves the cleans- 
ing of exhaust gases, etc. in four-cycle engines. Air intake 
devices which have been proposed to stabilize the lean is 
air/fuel ratio combustion in the prior art have principally 
offered means of strengthening the flows inside the cyl- 
inder by generating a vertical tumble of the air intake 
inside the cylinder in its axial direction, or a horizontal 
swirl of the air intake inside the cylinder around its perim- 20 
eter during periods of low air intake when the engine is 
operating at low RPM or low load levels. 

Air intake devices designed to generate the above 
mentioned swirl (as a first example of the prior art) which 
are equipped with center, left and right side air intake 25 
ports close one or the other of the above mentioned side 
air intake ports when the engine is in low RPM operating 
ranges where there is a low level of air intake, the air 
intake thereby being introduced into the cylinder through 
the remaining side air intake port and the central air 30 
intake port (see Japan Patent Application Kokai Publica- 
tion Hei 3-160113 (1991)). 

Air intake devices designed to generate the above 
mentioned tumble (as a second example of the prior art) 
are usuaDy of the type that constrict the bottom wall area 35 
of the air intake ports to divert the air intake toward the 
ceiling side of the air intake ports, thereby "introducing 
the air into the cylinder in a manner more directed toward 
the cylindrical axis 

The above described devices of the prior art, 40 
through establishing port shapes or air intake control 
valve configurations to strengthen the swirl, end up in 
reducing the maximum air intake flow when the engine 
Is operating at high RPM, high load conditions: but if they 
use port shapes, and the like to assure adequate maxi- 45 
mum air intake levels, then the swirling or tumbling tur- 
bulence inside the cylinder is inadequate. 

Accordingly, it is an objective of the present invention 
to provide an internal combustion engine and a method 
for operating the same that permit to strengthen the flows so 
inside the cylinder without decreasing the maximum air 
intake volume when the intake valves are fully opened. 

According to the present invention this objective as 
regards the method aspects is performed in that at least 
one of the intake valves is temporarily uncoupled from . 55 
the valve operating mechanism and kept closed while the 
intake air Is supplied through at least one remaining 
intake valve opening. 


According to a preferred embodiment of the inven- 
tion the intake air is supplied through all intake valve 
openings under high load and high speed engine oper- 
ating conditions, while at least one of the intake valves 
is temporarily uncoupled and kept closed under low load 
and low speed and medium and medium speed engine 
operating conditions. 

As regards the apparatus aspects the above men- 
tioned objective is performed in accordance with the 
present invention in that means are provided for tempo- 
rarily uncoupling at least one of said intake valves from 
said valve operating mechanism. 

Accordingly, at least one of the intake valves can be 
uncoupled and kept closed while the intake air is sup- 
plied into the cylinder through the remaining valves, 
which are operated so that a tumble motion of the intake 
air in the direction of the cylindrical axis or a swirl motion 
along the circumference of the cylinder may be gener- 
ated. On the other hand, when aD intake valves are cou- 
pled with the valve operating mechanism and opened, 
maximum air intake volume is achieved. Since there is 
no additional valve means necessary that constricts the 
bottom wall area of the intake ports or close one of the 
intake ports, so as to create the tumble or swirl motion, 
the maximum intake air volume is not impaired when the 
engine is operating the high speed and high load range. 

In a preferred embodiment of the invention said 
means comprises a valve lifter assembly swrtchatHe 
between two states for coupling and uncoupling, respec- 
tively, the valve with the camshaft. 

According to another preferred embodiment of the 
invention control means are provided for controlling said 
means in response to engine operating conditions 

Preferably the engine is a five valve engine having 
three intake valves including a centre intake valve and a 
pair of side intake valves and two exhaust valves per cyl- 
inder. Furthermore, a fuel injection device is provided for 
injecting fuel into the intake passage arrangement 
towards at least one intake valve opening associated 
with one of the intake valves. 

In a preferred embodiment of the invention said first 
and second side intake valves are uncoupled during low 
load and low speed engine operating conditions and one 
of said side intake valves is uncoupled during medium 
load and medium speed engine operating conditions. 
Preferably, fuel is supplied towards the centre intake 
valve and the first and second side intake valves with 
more fuel being injected towards the centre intake valve 
then towards the first and second side intake valves. 

According to another preferred embodiment of the 
invention the centre intake valve is uncoupled in the low 
load/low speed range and the medium load/medium 
speed range. Preferably, fuel is injected towards the cen- 
tre intake valve and the first and second side intake 
valves with more fuel being injected towards said first 
and second side intake valves than towards the centre 
intake valve. 

In another preferred embodiment of the invention the 
first and second intake valves are uncoupled during low 
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load and low speed engine operating conditions, while 
the centre intake valve is uncoupled during medium load 
and medium speed engine operating conditions. Prefer- 
ably, fuel is injected towards the centre intake valve and 
the side intake valves. 

According to yet another preferred embodiment of 
the invention the control means is adapted to uncouple 
the centre intake valve and the second side intake valve 
during lew load and low speed engine operating condi- 
tions and to uncoupl e the second side intake valve during 
medium load and medium speed engine operating con- 
ditions. Preferably, fuel is injected towards the centre 
intake valve and the first and second side intake valves 
with more fuel being injected towards the first side intake 
valve and the centre intake valve than towards the sec- 
ond side intake valve 

Further preferred embodiments of the invention are 
laid down in further dependent claims. 

The above described preferred embodiments of the 
internal combustion engine are provided with means for 
temporarily uncoupling at least one of the intake valves 
from the valve operating mechanism Said means includ- 
ing the switchable valve lifter assemblies aliowe to shut 
down at least one of the valves temporarily, so as to 
strengthen the flows in the cylinder without decreasing 
the maximum intake air volume. 

Furthermore, the preferred embodiments of the 
engine create a fuel injection valve that directs the supply 
of fuel spray toward one or a plurality of air intake valve 
openings, a valve shutdown mechanism which can shut 
down a part of the air intake valves, and a valve shutdown 
control means that controls the valve shutdown based 
upon the engine operating status and the fuel injection 
condition; and as described in the specific configura- 
tions, during periods of operation in lew RPM ranges 
when there are low requirements upon the amount of air 
intake, some of the air intake valves(s) are shut down in 
order to concentrate the introduction of air into the cylin- 
der through just some of the air intake valve opening(s) 
to assure adequate flows within the cylinder. In this case, 
consideration has been given to the relationsNp 
between the fuel injection conditions and the varve(s) 
that are shut down, thereby making possible an appro- 
priate fuel supply. 

Accordingly, during periods of low air intake, the 
operation of the first and second side air intake valves is 
shut down to limit the inflow into the cylinder to just the 
center air intake valve. Accordingly, not only is the speed 
of the inflow increased by an amount related to the 
decrease in the inflow cross-sectional area, but the air 
intake is directed in the axial direction of the cylinder as 
it flows in, thereby assuring the generation of a tumbling 
action inside the cylinder along the axial direction of the 
cylinder to provide for stable combustion even with lean 
air/fuel ratios. 

In this case, the fuel injection supply is directed pri- 
marily toward the center air intake valve opening, so that 
even when the overall air/fuel mixture ratio is lean, a com- 
paratively high rich mixture is supplied to the vicinity of 


the spark plug, and this feature too works toward the sta- 
bilization of combustion. 

In addition, during operations requiring mid-level air 
intake, just one or the other of the first and second side 

5 air intake valves is shut down so that the air intake flows 
through the center air intake valve and one of the side 
air intake valves. The tumble in the direction of the cylin- 
drical axis generated by the inflow from the center air 
intake valve and the swirl along the circumference of the 

10 cylinder generated from the inflow from the side air intake 
valve are combined to generate a so-called diagonal 
swirl in the cylinder. 

Further, during periods of high air intake, the center, 
first and second air intake valves are all operational to 

75 increase the cross sectional area of the air intake in a 
manner which does not increase intake drag in the air 
intake passage, thereby maximizing the amount of air 
intake. In this case, more fuel is mixed with the inflow 
from the center air intake valve opening, and there is less 

20 fuel in the air intake from the first and second air intake 
valve openings , thereby causing stratified combustion 
that also provides for stabilized combustion with lean 
air/rue! mixtures. 

When, according to another embodiment, during 

25 periods of low air intake, the operations of both the fore- 
going center air intake valve and the second side air 
intake valve are shut down the inflow into the cylinder is 
confined to that from the first side air intake valve only. 
This design increases the inflow speed by an amount 

90 related to the diminished cross-sectional area of the 
inflow, thereby generating a strong swirl inside the cylin- 
der around its circumference. 

Also, during periods of mid-level air intake, only the 
center air intake valve is shut down, whereby the inflows 

35 from the first and second side air intake valves, each 
flowing around the circumference inside the cylinder, will 
collide and generate an axial flow (tumble). Here, almost 
no fuel from the fuel injection valve is directed toward the 
second side air intake valve, all of it being supplied to the 

40 side of the first side air intake valve, so that a stratified 
mixture is created inside the cylinder from a flow that con- 
tains a fuel mixture and one that does not thereby gen- 
erating the so-called stratified combustion. 

Further, during periods of high air intake, just as in 

45 the configuration described above, the air intake is max- 
imized. In this case, fuel is supplied to just the first side 
air intake valve and the center air intake valve, with none 
being sprayed toward the second side air intake valve, 
thereby creating a stratified combustion that is similar to 

so that described for the mid-level air intake situation. 

When during periods of low air intake, the foregoing 
center air intake valve and second side air intake valve 
are both shut down, the inflow into the cylinder is con- 
fined to that from the first side air intake valve. The reduc- 

55 tion in the cross sectional area of the inflow 
correspondingly increases its speed to assure the gen- 
eration of a swirling flow inside the cylinder. 

During mid-level air intake periods, only the afore- 
mentioned second side air intake valve is shut down, 
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whereby the air intake inflows come from both the first 
side air intake valve and the center air intake valve, with 
the swirl from the first side air intake valve and the tumble 
from the center air intake valve together generating a 
diagonal swirl. 5 

The fuel is directed primarily toward the foregoing 
first side air intake valve opening and the center air intake 
valve opening, whereby, during periods of low and mid- 
level air intake, the flow generated inside the cylinder will 
stabilize combustion. 10 

Further, during periods of high air intake, the action 
is similar to that described above wherein the amount of 
air intake is maximized. In this case, since the fuel is pri- 
marily directed toward the first side air intake valve open- 
ing and the center air intake valve opening, with no fuel is 
being contained in the flow from the second side air 
intake valve opening, a stratified combustion is gener- 
ated, and this feature too stabilizes combustion with lean 
air/fuel mixtures. 

When both side air intake valves are shut down dur- 20 
ing periods of low air intake requirements, the inflow is 
confined to that from the center air intake valve, the 
increased speed of which generates a tumbling action. 

During periods of mid-level air intake requirements, 
the center air intake valve is shut down so that the inflow 25 
is confined to that from the first and second air intake 
valves, and this feature too generates a tumble. Further, 
during periods of high air intake, an action similar to that 
described above is generated which maximizes the 
amount of air intake. 30 

Preferably the fuel supply is directed at the first and 
second side air intake valve openings and toward the 
center air intake valve opening, so that there is an appro- 
priate fuel mixture during the foregoing periods of low, 
mid-level and high air intake requirements, making stable 35 
combustion possble. 

On the other hand, when during low and mid-level 
air intake periods, the center air intake valve is shut 
down, tumble is generated by the air intake inflows from 
the first and second side air intake valves. Since the fuel 40 
is directed toward the first and second side air intake 
valve openings, appropriate mixing during the aforemen- 
tioned low, and mid-level air intake periods takes place. 

Further, during periods of high air intake, this action 
maximizes the amount of air intake as described for the 45 
embodiments above. Since the fuel is directed toward 
the above mentioned first and second side air intake 
valve openings, with but little fuel contained in the air 
intake flow from the center air intake valve opening, a 
stratified combustion is generated that stabilizes com- so 
bustion with lean air/fuel mixtures. 

Hereinafter the present invention will be explained 
and illustrated in greater detail by means of preferred 
embodiments thereof in conjunction with accompanying 
drawings, wherein: 55 

Figure 1 is a front view of a four cycle internal com- 
bustion engine according to a preferred first embod- 
iment of the invention, 


Figure 2 is a sectional front view of the right side air 
intake valves and the right exhaust valve areas of 
the engine of the foregoing first embocfiment. 

Figure 3 is a sectional front view of the center air 
intake valve area of the engine of the foregoing first 
embodiment. 

Figure 4 is a sectional front view of the left side air 
intake valve and the left exhaust valve areas of the 
engine of the foregoing first embodiment. 
Figure 5 is a top view of the cylinder head's intake 
and exhaust cam carriers shown in the removed 
condition from the engine of the foregoing first 
embodiment. 

Figure 6 is a sectional top view of the air intake and 
exhaust cam carriers of the engine of the foregoing 
first embodiment. 

Figure 7 is a sectional back view of the oil system 
for the engine of the foregoing first embodiment 
Figure 8 is a cRagrarnmatic sectional top view of the 
air intake valve openings and exhaust valve opening 
areas of the engine of the foregoing first embodi- 
ment. 

Figure 9 is a diagrammatic figure to explain the 
operation of the engine of the foregoing first embod- 
iment 

Figure 10 is a sectional view showing the valve shut- 
down mechanism of the engine of the foregoing first 
embodiment. 

fig ure 1 1 is a sectional view showing the valve shut- 
down mechanism of the engine of the foregoing first 
embodiment. 

figure 1 2 is a sectional view showing the valve shut- 
down mechanism of the engine of the foregoing first 
embodiment. 

figure 13 is a oil system diagram for the engine of 
the foregoing first embodiment, 
figure 14 is a diagrammatic sectional top view of 
the air intake valve openings and exhaust valve 
openings of another embodiment (second embodi- 
ment) of a four-cycle engine, 
figure 15 is a diagrammatic figure to explain the 
operation of the engine of the foregoing second 
embodiment. 

figure 16 is a diagrammatic sectional top view of 
the air intake valve openings and exhaust valve 
openings of another embodiment (third embodi- 
ment) of a four-cycle engine, 
figure 1 7 is a diagrammatic figure to describe the 
operation of the engine of the foregoing third embod- 
iment 

figure 18 is a diagrammatic sectional top view of 
the air intake valve openings and exhaust valve 
openings of another embodiment (fourth embodi- 
ment) of a four-cycle engine, 
figure 19 is a diagrammatic figure to explain the 
operation of the engine of the foregoing fourth 
embodiment. 
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Figure 20 is a diagrammatic figure to explain a mod- 
ification of the valve shutdown control operations of 
the engine of the foregoing first embodiment. 

Figure 21 is a diagrammatic figure to explain a mod- 
ification of the valve shutdown control operations of 
the engine of the foregoing second embodiment 
Figure 22 is a graph of engine RPM vs. torque char- 
acteristics to explain the effects of the engine of the 
foregoing first embodiment. 
Figure 23 is a diagrammatic figure to show the 
deployment of the various embodiments. 
Figure 24 is a graph of engine RPM vs. flow volume 
characteristics to show the 

In the Figures, 1 represents a water cooled, four- 
cycle, four-cylinder, 5-valve engine equipped with the 
present embodiment An oil pan 3 is attached to the mat- 
ing surface on the bottom of the cylinder block 2 of said 
engine 1, while the cylinder head 4 is fastened to the 
upper mating surface by head bolts 4e, and a head cover 
5 is further attached to the top mating surface of said 
cylinder head 4. A head side cover 6a is removably 
affixed to the front surface of the cylinder head 4 and the 
head cover 5 (the front surface in Figure 1), and a block 
side cover 6b is also removably attached to the front sur- 
face of the cylinder block 2. As shown in Figure 5, a total 
of 10 head bolts are placed between each of the cylin- 
ders and at both ends (front and rear) in the axial direc- 
tion of the camshaft and thread into the boss areas 4g 
which are formed as protrusions from the bottom wall 4d 
of the cylinder head 4. 

Pistons 7 have been slidably inserted into the four 
cylinder bores (cylinders) 2 that were formed in a row in 
the foregoing cylinder block 2. Said pistons 7 are linked 
to the crankshaft 12 by means of connecting rods 8. The 
crankshaft 12 is axiaily supported by crankshaft bearing 
areas 12a formed in the cylinder block 2 and by remov- 
able crankshaft bearing caps 12b: 

Concave combustion chambers 4b are formed on 
the side of the foregoing cylinder head 4 that mates with 
the cylinder block mating surface 4a . On one side (the 
I eft side in Figure 8) of the cylindrical axis A of these com- 
bustion chambers 4b are formed, with respect to the 
camshaft direction (the vertical direction in Figure 8), a 
center air intake valve opening 9a and a left and right 
(first and second) side air intake valve openings 9b, 9c 
on either side. Formed on the other side are two, namely 
a left and right (first and second), side exhaust valve 
openings 1 0a and 10b. Also, a spark plug 25 is threaded 
into the foregoing combustion chamber 4b at a position 
slightly displaced toward the exhaust side from the cylin- 
drical axis A. As will be described below, the inflow from 
the foregoing center air intake valve opening 9a, when 
viewed from the axial direction A of the cylinder (see Fig- 
ure 8) is directed toward the electrode of the foregoing 
spark plug 25. 

Here, the foregoing center and left and right side air 
intake valve openings 9a, 9b, 9c and the left and right 
exhaust valve openings 10a, 10b are positioned to bor- 


der the inside circumference of the cylinder bore 2a. 
Accordingly, when viewed in the camshaft direction, as 
is dear from Rgures 2 - 4, both the side air intake valve 
openings 9b, 9c are positioned closer to the cylindrical 

5 axis A, while the center air intake valve opening is posi- 
tioned farther away from the cylindrical axis A (on the 
opposite side of the cylindrical axis). In other words, as 
shown in Figure 8, the distance L1 from the side air intake 
valve openings 9b, 9c to a line B that is parallel to the 

10 camshaft and passes through cylindrical axis A, com- 
pared with the distance L2 to the center air intake valve 
opening 9a, is such that L2 > L1. 

Also, the diameters of the contact areas (throat 
areas) Die, Dis1, Dis2, Del, De2 between the below 

is described valve heads 1 1d, 1 3c of the foregoing various 
valve openi ngs 9a-9c, 10, 1 0b is such that 
Die > Del = De2 > Dis1 = Dis2 . In other words. Die : 
Del , De2 : Disl, Dis2 = the relationship of large : mid- 
sized : small. Looking at the ratio of the cross sectional 

20 areas of the foregoing center, left and right side air intake 
valve openings 9a, 9b, and 9c, the cross-sectional areas 
are set so that 9a : 9b : 9c = 46 : 27 : 27. 

The foregoing center, left and right side air Intake 
valve openings 9a, 9b and 9c are opened and closed by 

25 the valve heads 1 1d of the center, left and right side air 
intake valves 1 1 a, 1 1 b and 1 1 c. In addition, the foregoing 
exhaust valve openings 10a and 10b are opened and 
closed by the valve heads 1 3c of the exhaust valves 1 3a 
and 13b. The valve shafts 1 1 e of the foregoing air intake 

30 valves 11 a-11cand the valve shafts 13d of the foregoing 
exhaust valves 1 3a and 1 3b tilt outward at the prescribed 
angles. In this case, the angle subtended by the axial line 
81 of the center air intake valve 11a with the cylindrical 
axis A is 91, while that of the valve axes B2 of the left 

35 and right side air intake valves 1 lb, 1 1 c with respect to 
the cylindrical axis is 02, and these angles are set so that 
02 > 61. To wit, the center air intake valve 11a is more 
erect than the left and right side air intake valves 11b, 
11c. 

40 In addition, the foregoing air intake valves 1 1 a - 1 1 c 
and exhaust valves 13a, 13b are held in the normally 
closed position by means of springs 14, 15 which are 
held in place by retainers 14a, 14a attached to the top 
end and to the middle of the valve stems 11 e and 13d 

45 and by the spring seats 4c formed in the bottom wall 4d 
of the cam chamber C of the cylinder head 4. Double coil 
springs were used for the exhaust valve springs 15. 

The foregoing air intake valves 1 1 a-1 1 c and the fore- 
going exhaust valves 13a and 13b are driven open and 

so closed, respectively, by the air intake camshaft 16 and 
the exhaust camshaft 17. The foregoing air intake cam- 
shaft 16 and exhaust camshaft 17 run parallel to each 
other in a direction which is perpendicular to the plane 
of the paper in Figures 2 through 4. Said air Intake and 

55 exhaust camshafts 16,17 are axiaily supported and are 
free to rotate by means of removable air intake and 
exhaust cam carriers 20, 30, and air intake and exhaust 
cam caps 28, 29. which are removable from said carriers 
20, 30. 
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Air intake and exhaust timing gears 26a 36b. capa- 
ble of corresponding rotation, are attached to the front 
ends (the right end in Figure 7) of the foregoing air intake 
camshaft 16 and exhaust camshaft 17 and these are 
linked to a first inter mediate gear 39a positioned on the 
front end of the cylinder head by the upper timing chain 
38a, white a second intermediate gear 39b that is coaxial 
with said first intermediate gear 39a and rotates with it 
is linked by the lower timing chain 38b to the crank gear 
37a on the aforementioned crankshaft 12. "These are 
covered by the above mentioned head side cover 6a and 
the block side cover 6b. The diameters of the foregoing 
timing gears 36a. 36b and the crank gear 37a are the 
same, while the diameter of the first intermediate gear 
39a may be either the same diameter as the timing gear 
36a or a smaller diameter, and the diameter of the sec- 
ond intermediate gear 39b is larger than the diameter of 
the crank gear 37a The inclusion of these intermediate 
gears 39a. 39b make it possible to drive the camshafts 
to rotate at 1/2 the speed of the crankshaft 12 without 
having to enlarge the diameter of the foregoing air intake 
and exhaust timing gears 36a. 36b. 

Air intake and exhaust valve timing mechanisms 41 , 
42 are attached to the aforementioned front end of the 
foregoing air intake and exhaust camshafts to vary the 
timing of the opening and closing of the foregoing air 
intake and exhaust valves. In addition to these variable 
timing mechanisms 41 , 42 being affixed to the cylinder 
casing 42b on the outside of a cylinder shaft 42a affixed 
to the front ends of the foregoing camshafts 16, 17. the 
design includes advancing and retracting pistons 43a 
between the two. The support shaft (outside end) 43d is 
inserted into the foregoing cylinder shaft 43a, and said 
support shaft 43d is supported by an outside edge sup- 
port area on the above mentioned head side cover 6a, 
and the foregoing pistons 43c are operated by means of 
an oil introduction line 43 e formed in said support shaft 
43. 

The foregoing piston 43 is advanced and retracted 
hydraulically in the foregoing variable valve timing mech- 
anism 41, 42 which varies the relative angle (position) 
between the timing gears 36a, 36b and the camshafts 
16, 17. thereby varying the opening and closing timing 
of the air intake valves 1 1 a-1 1 c and exhaust valves 1 3a, 
13b 

As shown primarily in Figure 6(a), the foregoing air 
intake cam carrier 20 is a rod-shaped structure extending 
in the axial camshaft direction, and it includes first bear- 
ings 20d formed at both ends in the camshaft direction, 
second bearings 20e formed in the space between the 
left and right air intake valves and the center air intake 
valve for each of the cylinders, and third bearings 20f 
which are formed in the border areas of each cylinder. 
These bearing areas 20d-20f are linked together as a 
unit by guide bosses 20g. 20g. Center, left and right Bfter 
guide holes 20a. 20b, and 20c In these guide boss areas 
are formed coaxially with respect to the valve shafts 1 1 e 
of the foregoing air intake valves 11 a- 11c. In addition, 


the cam caps 29 over the above described bearing areas 
20d-20f are held in place by cap bolts 29a, 29b. 

- Here the cap bolts 29a positioned Inside (on the 
cylindrical axis side) of the foregoing camshaft bearings 

s 30c are of sufficient length to reach the boss areas 4f 
formed in the aforementioned cylinder head 4. Thus, by 
affixing the cam cap 29 by means of the bolt 29a, the 
exhaust cam carrier 30 is affixed at the same time to the 
top of the cylinder head 4. In addition, the flanges 30f 

10 which are formed on the axial ends and opposite the left 
and right exhaust valve positions of the foregoing pas- 
sage boss 30d are also attached to the boss areas 4f 
formed on the cylinder head by means of attachment 
bolts 29c. 

15 In the foregoing Figure 6(a) (b), the lower level Fig- 
ure shows the cam caps removed from the air intake and 
exhaust cam carriers 20, 30, the middle level area shows 
the cross sections of the air intake and exhaust cam car- 
riers 20, 30, and the upper level shows the top of the 

20 bottom wall 4d area of the cylinder head 4 with the air 
intake and exhaust cam carriers 20, 30 removed. 

Center and right side air intake valve shutdown 
mechanisms 18a, 18b are located between the cam 
noses 1 6a of the aforementioned air intake camshaft 16 

25 and the aforementioned center air intake valve 11a and 
the right side air intake valve 11c. Between the cam nose 
1 7a of the exhaust camshaft 1 7 and the left exhaust valve 
13a is located the exhaust valve shutdown mechanism 

1 9. These air intake and exhaust valve shutdown mech- 
30 anisms 18a, 1 8b and 19 are controlled operationally by 

a valve shutdown control means (ECU) not shown in the 
Figures. Mo valve shutdown mechanism is provided for 
the left side air Intake valve 11b and the right exhaust 
valve 13b, and as a result, these valves are driven open 

35 and dosed normally by the air Intake camshaft 16 and 
exhaust camshaft 1 7 irrespective of the operating range. 

The configuration of the foregoing center and right 
side air intake valve shutdown mechanisms 18a, 18b 
includes a plunger 24 which is advanced and retracted 

40 by oil pressure in the center and right side lifter guide 
holes 20a and 20c of the foregoing air intake cam carrier 

20. Inside the left side lifter guide hole 20b, the open end 
of the cylinder Is closed by a conventional lifter 21b com- 
prising a pad 21k against which slides the cam nose 1 6a. 

45 The top end surface of the valve stem lie of the forego- 
ing left side air Intake valve is in constant contact with 
the inside surface of the foregoing pad 21k. 

As shown in Figs. 10-12, pads 21 e attached to the 
foregoing center and right side lifters 21a, 21c slide 

so against the cam nose 16a of the foregoing camshaft 16 
at the upper opening of the cylindrical unit which com- 
prises a partitioning wan 2ld located in the vicinity of its 
axial center. A boss area extends as a swell from the top 
surface of the foregoing partitioning wall 2 Id, and a cyl- 

55 inder hole 21g passes through it, perpendicular to said 
lifter. Both ends of this cylinder hole 21 g issue into ring- 
shaped grooves 211 formed in the outer circumferential 
surface of lifters 21a, 21 c, and the one end is sealed oil- 
tight by the cover member 21 . A slide hole 21 f is formed 


6 


11 


EP 0 699 831 A2 


12 


through the foregoing partitioning wail 21 d which is per- 
pendicular to the aforementioned cylinder hole 21 g and 
coaxial with the foregoing air intake valves, and the inside 
surface of the foregoing pad 21 e is opposite said slide 
hole21f. 5 

The rod 22a of the transmission member 22 is slid- 
ably inserted inside the foregoing slide hole 21 f. The 
lower center surface of a flange area 22b formed on the 
bottom end of said transmission member is in contact 
with the top end surface of the valve stem 1 1 e of the fore- io 
going air intake valve. A spring 23 is mounted between 
the foregoing flange 22b and the foregoing partitioning 
wall to keep the lifters 21 a, 21 c in sliding contact with the 
cam noses 16a on the air intake camshaft 16. 

A plunger 24 has been slidably inserted into the fore- is 
going cylinder hole 21g. A ring-shaped projecting stop- 
per 21a on the inside surface of cylinder hole 21 g limits 
the forward end position of the plunger 24, while retainer 
ring 21 j limits its rearward retraction position, and the 
return spring 26 applies force to maintain it in the nor- 20 
malty retracted position. 

An escape hole 24a of the same diameter as the 
foregoing slide hole 21 f is formed in the foregoing 
plunger 24, and this escape hole 24 is such that it is coax- 
ial with the foregoing slide hole 21 f when the plunger 24 25 
is in the retracted position. Furthermore a flat transmis- 
sion surface 24b has been formed on the bottom side of 
the foregoing plunger 24; in the case of the air intake 
valve being closed (when the pad 21 e is sliding against 
the base circle of the air intake camshaft) and when the 30 
plunger is in the advanced position, this transmission 
surface 24b lies opposite the top end of the rod area 22b 
of the foregoing transmission member 22 with the pre- 
scribed valve clearance inbetween. 

In addition, the valve shutdown mechanism 19 for 35 
the foregoing exhaust valves is of a simi lar configuration 
as the valve shutdown mechanism 1 8a, 18b for the fore- 
going air intake valves, but as shown in Figures 2 and 4, 
there is a shift toward the cylindrical axis of the exhaust 
camshaft with respect to this left and right exhaust lifters 40 
31a, 31b, whereby the camshaft 17 is offset. This offset 
raises the opening speed of the exhaust valves 13a and 
13b, making possible the utilization of high btowdown 
pressure for scavenging to improve scavenging effi- 
ciency. Both the exhaust camshaft 1 7 and the air intake 45 
camshaft 16 rotate in a clockwise direction. 

The configuration of the oil pressure supply system 
to the foregoing valve shutdown mechanisms 1 8a, 18b, 
1 9, and the variable valve timing mechanisms 41 , 42, are 
shown in Figures 7 and 13. To wit, the oil inside the oil so 
pan 3 is drawn up by the oB pump 32 which moves it 
through the oil filter 33 and then through the cylinder 
block 2, cylinder head 4, head side cover 6, through the 
oil channels 33a-33c, and through 331, 33o, and side oil 
passages 33 e, and the foregoing center air intake valve ss 
shutdown mechanism 18a and the left side air intake 
valve shutdown mechanism 18b, and from switching 
valves 35 through the oil passages 33j. 33p, and oil pas- 


sage 22g to supply the above mentioned left exhaust 
valve shutdown mechanism 1 9. 

A part of the oil passing through oil passage 33a in 
the foregoing cylinder block 2 is supplied to the journal 
areas 44 of the crankshaft 12, and a part of the oil in oil 
passage 33b in the cylinder head 4 passes through the 
oil passage 33f formed in the cylinder head 4 and is sup- 
plied to the bearing areas 20d-20f, 30c of the camshafts 
16, 17. Further, a part of the oil flowing through the oil 
passage 33 in the head side cover 6a is supplied to the 
foregoing variable valve timing mechanism 41, 42 
through the switching valves 45, 46. 

Here, as is shown in Figures 1 and 7, the oil pas- 
sages from the oil pump 32 to the valve shutdown mech- 
anisms and the variable valve timing mechanisms are 
common to the oil passage 33a inside the cylinder block 
2 an oil passage 33b inside the cylinder head 4, but the 
oil passage 33c formed in the foregoing head side cover 
6a has three branches a, b and c which pass through the 
valves 34a, 35a 45a and 46a of the above mentioned 
switching valves 34, 35, 45, and 46. The valve element 
inside said switching valves is advanced and retracted 
by solenoids 34b, 35b, 45b and 46b to switch the various 
passages. 

The passages 33h, 331 and 33j from the valve units 
34a, 35a of the switching valves 34, 35 of the foregoing 
valve shutdown mechanism further lead to the oil pas- 
sages 33n. 33o and 33p in the cylinder head and are 
then connected to the oil passages 33d and 33e in the 
cam carriers 20, 30. Also, the oil paths 33k, 33m from 
the valve bodes 45a, 46a of the switching valves 45, 46 
of the variable valve timing mechanism pass through the 
outside support 6c of the aforementioned head side 
cover 6a into the oil introduction passages 43e of the 
support shafts 43d of the variable valve timing mecha- 
nisms 41 , 42. 

The oil passages 33d, 33e located on the foregoing 
air intake side are parallel to the camshaft and open into 
the aforementioned oil groove 21a in contact with the 
center lifter guide hole 20a and the right side lifter guide 
hole 20c. In this case, the center and side air intake 
valves 1 1a and 11c slope at different angles 61 and 62 
with respect to the cylindrical axis A, and are at different 
positions L2, L1 from a perpendicular to the camshaft. 
Accordingly, the tflt angle of the foregoing center lifter 
guide hole 20a is different from the right side lifter guide 
hole 20c, and they are resp. shifted in their respective 
directions to outside the direction perpendicular to the 
camshaft (opposite the cylindrical axis) and inside (on 
the cylindrical axis). As a result, with just the oil passages 
33d and 33e running parallel to the camshaft in the air 
intake carrier 20, the oil passage 33d passes into the 
center lifter guide hole 20a and the oil passage 33e 
passes into the right side lifter guide hole 20c. 

Here, the aforementioned oil passage 33e also 
passes into the left side lifter guide hole 20b, but since a 
conventional lifter 21b is slidably inserted into the left 
side fitter guide hole 20b, no problems are encountered 
because there is almost no loss of the foregoing oil pres- 
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sure through the gap between the lifter 21b and the guide 
hole 20b. 

In addition, the foregoing exhaust side oil passage 
33g runs parallel to the camshaft through the inside the 
foregoing exhaust cam carrier and opens into the oil 
groove 21 i at the point off contact with the aforementioned 
left lifter guide hole 30a. This exhaust side oil passage 
33g also passes into the right lifter guide hole 30, and, 
as in the above mentioned air intake side, there is almost 
no loss of oil pressure. 

The above mentioned exhaust valve openings 10a 
and 1 0b are connected to an opening 47c on the outside 
of the cylinder head 4 by means of left and right branch 
ports 47a, 47b of the exhaust port 47. Here, the dividing 
wall 47d between the left and right ports 47a, 47b may 
also be extended to the outside, as shown by the double- 
dotted fine in Figure 8, to the vicinity of the aforemen- 
tioned opening 47c. As will be described below, providing 
this extension improves the exhaust efficiency when the 
left exhaust valve 13a has been shut down. 

Also, the aforementioned central air intake opening 
9a, and the side air intake openings 9b, 9b,lead to the 
outside connection opening 48d of the cylinder head 4 
by means of the center branch port 48a and the left and 
right side branch ports 48b, 48c of the air intake port 48. 
Here, the right partitioning wall 48f of the right branch 
port 48c extends farther on the upstream side than the 
left partitioning wall 48e of the left branch port 48b. As 
will be described below, this design facilitates the reali- 
zation of stratified combustion. 

A fuel injection valve 50 is present in the ceiling of 
the air intake manifold 49 connecting the foregoing exter- 
nal connection opening 48d. When viewed in the axial 
direction of the cylinder (see Figure 8), this fuel injection 
valve is positioned along the line that is the approximate 
extension of the foregoing left partitioning wall 48e, and 
its spray nozzle 50a passes through a spray hole 48f 
formed in the ceiling of the air intake port 48 and is 
directed to spray fuel toward the center air intake opening 
9a and the left side air intake opening 9b. 

Next, the operational effects of this first embodiment 
will be explained. 

In the present embodiment, when the engine is run- 
ning, the variable valve timing devices 41, 42 control the 
timing of the opening and closing of the air intake valves 
and exhaust valves, particularly in accordance with the 
magnitude of the air intake requirements. In addition, the 
valve shutdown mechanisms 18a, 18b, and 19 control 
the shutdown of the air intake and exhaust valves. 

First, in the variable valve timing mechanisms 41 
and 41 , the switching valves 45 and 46 are switched by 
the oil pressure operating upon piston 43c. When their 
positions are changed, when said piston 43c moves to 
the left in Figure 7, the timing gears 36a and 36b and the 
air intake camshaft 1 6 and exhaust camshaft 1 7 change 
their relative positions to alter the timing of the opening 
and closing of the air intake valves 11a through 11c and 
the exhaust valves 13a, 13b. 
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In addition, in the valve shutdown mechanisms 1 8a, 
1 8b, when the switching valve 34 is in the release shut- 
down position as shown by the solid line in Figure 1 3, oil 
pressure is supplied through oil passages 33d. 33e to 

5 the center air intake valve shutdown mechanism 1 8a and 
to the right side air intake valve shutdown mechanism 
1 8b. As shown in Figure 1 0, the action of the oil pressure 
on the plunger 24 causes a forward motion that closes 
the slide hole 21 f so that the transmission surface 24b 

io on said plunger 24 is opposite the top end surface of the 
transmission rod 22a of the transmission member 22. 
The rotation of the camshaft 16 then causes the center 
and right side fitters 21a. 21c to be pushed downward 
and this action is transmitted to the center and right side 

is air intake valves 11a and 1 Icthrough the plunger 24 and 
the transmission member 22 so that both of said air 
intake valves 11a and 11c open and close normally. 

Or else, with regard to the valve shutdown mecha- 
nism 19, when the switching valve 34 is in the shutdown 

20 release position shown by the solid line in Figure 5, oil 
pressure is supplied to the right exhaust valve shutdown 
mechanism through the oil passage 33g, and in a man- 
ner similar to that described above, the left exhaust valve 
1 3a is opened and closed in a normal fashion. Also, the 

25 left side air intake valve 11b and the right side exhaust 
valve also open and close normally. 

Then, when the switching valve 34 for valve shut- 
down switching is switched to the valve shutdown posi- 
tion shown by the broken line in Figure 5, the oil pressure 

30 decreases in oil passages 33d, 33e, and as shown in 
Figure 1 1 , the plunger 24 is retracted by the return spring 
26 so that the escape hole 24a in said plunger 24 lines 
up with the slide hole 21 f, that is, the transmission rod 
22a. When, as shown in Figure 12, the transmission rod 

35 22a is advanced into the escape hole 24a, the rotation 
of the camshaft 1 6 causes the center and right side lifters 
21a, 21c to be pushed downward, and the downward 
action of the lifters is not transmitted to the center and 
right side air intake valves 1 1a, 1 1c. Accordingly, both of 

40 said intake valves 11a and 11c are shut down, and 
remain in the closed position. 

Here, with the above described valve shutdown 
operation wherein the air intake valves 11a and 11c were 
completely closed down, there might be concern that fuel 

45 buildup in the center and right side ports 48a, 48c may 
form carbon deposits, but in the present embodiment, 
even during the foregoing valve shutdown, when the fore- 
going lifters 2 1 a, 2 1 c descend to their maximum lift posi- 
tions, the bottom surface of pad 21 pushes down slightly 

so on the transmission rod, and this action slightly opens 
the foregoing air intake valves 11a and 11c. 

In addition, when the valve shutdown mechanism 1 9 
operates so that the switching valve 35 is switched to the 
shutdown position as shown by the broken line in Figure 

55 5, the oil pressure inside oil passage 33g then will 
decline, and, similarly to the explanation above, the left 
exhaust valve 13a is shut down and maintained in a 
closed position. It is also possible to allow this left 
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exhaust valve 13a to slightly open during valve shut- 
down. 

During engine operating ranges when there are low 
requirements for air intake such as low RPM operations 
or low load operations, the ECU generates switching sig- 
.. nals which switch switching valves 34 and 35 into the 
shutdown position shown by the broken line in Figure 5. 
This action causes the oil pressure to decrease in oil pas- 
sages 33d, 33e and 33g so that plunger 24 retracts, and, 
as shown in Figure 9a, the center and right side air intake 
valves 11a, 11c and the left side exhaust valve 13a are 
now put into the valve shutdown condition wherein just 
the left side air intake valve 1 1b and right exhaust valve 
1 3b are opened and closed. 

As a result, the air intake is of low diameter, Disl, 
and the inflow is introduced from the cylindrical axis A 
perpendicularly to the camshaft over a short distance LI 
on the cylindrical axis side, and further, there is inflow 
into the cylinder from the left side air intake valve opening 
9b which lies on one side with respect to the camshaft 
direction. This arrangement essentially narrows the 
cross sectional area of the air intake passage and intro- 
duces a small amount of air into the cylinder at a high air 
flow speed and with a certain direction of flow so that a 
swirling flow is generated inside the cylinder to assure 
good combustion and to improve combustion stability 
with lean air/fuel mixtures. 

Also, since only the left side air intake valve 1 1 b and 
the right side exhaust valve 1 3, which lies on the opposite 
side of the cylinder, past the spark plug 25 (cylindrical 
axis A) sandwiched in-between, are operating, the inflow 
of air from the foregoing left side air intake opening 9b, 
after being burned, can be exhausted through the right 
exhaust valve opening 10b, which lies on the opposite 
side past the foregoing spark plug 25. To wit the effi- 
ciency of the exhausting the exhaust gas is improved 
because it flows past the center of the combustion cham- 
ber. Incidentally, in the case of one each of the air intake 
valves and exhaust valves being opened and closed, and 
if it were, tor example, the left air intake valve 1 1 b and 
the left exhaust valve 13a that were so operated, there 
would be concern ever exhaust gas turbulence being 
generated that would lower the exhaust efficiency. 

As shown by the double-dotted line in Figure 8, an 
effective design to further improve the exhausting of the 
foregoing exhaust gases is to extend the partitioning wall 
47d of the exhaust port 47 to the vicinity of the external 
connection opening 47c. In this case, the flow of the 
exhaust gases as described above becomes even 
smoother, thereby improving exhaust efficiency. In cases 
when the foregoing wall 47d is not extended and when 
only the right exhaust valve 13b is operating, the cross 
section of the right exhaust branch port 47b is effectively 
increased very rapidly, which could create a turbulence 
in the left exhaust branch port 47a, raising concern ever 
lowered exhaust efficiency. - 

When operating at mid-level RPM and engine loads 
where a mid-level of air intake is required, switching sig- 
nals generated by the ECU cause the switching valve 34 


in oil passage 33d to retain its valve shutdown position 
(the broken line in Figure 5), but the oil passage 33e is 
switched to the shutdown release position (solid line in 
Figure 5), and the switching the valve 35 is switched to 

5 the shutdown rel ease position as shown by the solid line 
in Figure 5. This action, as shown in Figure 9(b), causes 
only the center air intake valve 1 1 a to be in the valve shut- , 
down condition, while the left and right side air intake 
valves 1 1 b. 11 c and the left and right exhaust valves 1 3a, 

10 1 3b are opening and closing. 

As a result the air intake is directed toward the cylin- 
drical axis over a short distance L1 perpendicular to the 
camshaft, and it flows into the cylinder from two areas 
on either side of the camshaft from the left and right side 

15 air intake valve openings 9b, 9c. The foregoing two swirl 
components merge and create a tumbling action along 
the cylindrical axis which improves combustion, and as 
a result, improves combustion stability with lean air/fuel 
ratios. In this case, in the present embodiment, the 

20 center air intake valve 11 a is of large diameter, while the 
left and right side air intake valves 11b, 11c are of a 
smaller diameter, thereby further shortening the above 
described length L1 in the direction perpendicular to the 
camshaft, in other words, the left and right side air intake 

25 valve openings 9b, 9c can be located even closer to the 
cylindrical axis A but toward the outside in the camshaft 
direction, whereby the inflows are reliably generated with 
a cylindrical axis directionality. 

During periods of high air intake requirements such 

30 as high RPM or high load operations, the switching sig- 
nals generated by the ECU cause the switching valve 34 
in oil passage 33d to be switched to its shutdown release 
position as well, causing the valve shutdown activities to 
be negated on all valves, and enabling all the air intake 

35 valves and exhaust valves to open and close normally. 

The result is that the intake air comes in from the 
center, left and right side air intake valve openings 9a- 
9c, and in this case, the air intake is maximized, without 
being hampered for example by the flow drag that was 

40 caused in the prior art due to the need to have an intake 
control valve mounted in the air intake port 47. 

In the present embodiment, the right partitioning wall 
48f extends toward the fuel injection valve, and said fuel 
injection valve is positioned near the left partitioning wall 

45 48e so that the air intake from the center and left side air 
intake valve openings 9a and 9b is mixed with fuel, but 
the air intake from the right side air intake valve opening 
9c has almost no fuel mixed with it, thereby making that 
intake primarily air. As a result, there is stratification 

so inside the combustion chamber between the air/fuel mix- 
ture and the air alone, enabling so-called stratified com- 
bustion to take place. 

Figure 22 is a graph of engine RPM vs torque which 
will be used to explain the torque enhancing effect 

55 derived from the valve shutdown operations of this inven- 
tion. In the Figure, curves A, B and C represent low, mid- 
level, and high air intake operating ranges, and these 
conceptually show the torque characteristics. 
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The design that is used to implement the above 
described valve shutdown operations in the present 
embodiment involves incorporating the valve shutdown 
mechanism into the air intake cam earner 20 and the 
exhaust cam carrier 30, which are removable from the 5 
cylinder, thereby making possible a simple configuration 
for the oil pressure supply system to the valve shutdown 
mechanism. To wit, each of the cam carriers 20 and 30 
are separate units, and making the holes for ofl passages 
33d, 33e and 33g is a simple operation. Incidentally, in w 
cases when the valve shutdown mechanism would be 
unitized with the cylinder head, the oil passages would 
have to be put through the cylinder head 4 in the outer 
wall in the camshaft direction (the wall forming the cam 
chamber) , or, perpendicularly to the cam chamber where f 5 
branch passages would have to made. Such an 
approach would make the oil pressure supply system 
overly complex, and make the cylinder head larger and 
heavier, and detract from its handling properties in the 
areas where it was necessary to drill holes. 20 

Jn the present embodiment, differing tilt angles have 
been used for the center lifter guide hole 2a and the right 
lifter guide hole 20c and their position has been shifted 
relative to the perpendicular from the camshaft, whereby 
oil passages 33d and 33e can run parallel to the cam- 25 
shaft, and. by merely making an opening around the 
guide holes 20a and 30c, the oil pressure can be sup- 
plied to the center air intake valve shutdown mechanism 
18a and the right side air intake valve shutdown mecha- 
nism 18b independently. Incidentally, in cases when the so 
tilt angles of both guide holes 20a and 20c are designed 
to be the same, ft is necessary to locate the oil passage 
at some distance from the guide holes 20a, 20c, or to 
provide branch passages from said oil passages in a 
direction perpendicular to the camshaft, and thereby the 35 
configuration will be more complex. 

In the present embodiment, the oil passage 33c 
passes through the head side cover 6a, and in addition, 
said oil passage branches inside the head side cover 6a 
into an ofl passage servicing the valve shutdown mech- 40 
anism and an oil passage servicing the variable valve 
timing mechanism, thereby making it possible to place 
the switching valves 34, 35 for the valve shutdown mech- 
anism and the switching valves 45, 46 for the variable 
valve timing mechanism in the head side cover 6a. In this 4S 
case, the oil passage 33f which supplies lubricating oil 
to the bearings, etc. of the camshafts 16, 17 can be 
formed in the cylinder head 4. As a result, the specifica- 
tions do not change for the cylinder head 4, even for 
engines lacking the valve shutdown mechanism, thereby so 
allowing the use of more common parts and not requiring 
design changes such as forming the aforementioned oil 
passage 33c in the head side cover. 

In the present embodiment there is a dead space 
located inside the head side cover 6a that is below the 55 
variable valve timing mechanism 41 , 42 and that may be 
used for the location of the above mentioned various 
switching valves 34, 35, 45, 46, thereby avoiding any 


need to increase engine size to find space for the switch- 
ing valves. 

Figures 14 and 15 will be used to describe an addi- 
tional embodiment of the invention (a second embodi- 
ment). In the Figures, parts identical or corresponding to 
those in Figures 8 and 9 will bear the same reference 
numbers. 

In this second embodiment, the valve diameter Die 
of the center air intake valve 11a, the valve diameters 
Disl , Dis2 of the left and right side air intake valves lib, 
11c, and the valve diameter Del , de2 of the left and right 
exhaust valves 1 3a, 13b are set to satisfy the following 
relationship: Disl = Dis2 > Del = De2 > Die . In other 
words, the center air intake valve 11a has the smallest 
diameter. 

In addition, the length L2 from the center air intake 
valve 1 1a to a perpendicular from the camshaft to the 
cylindrical axis A, and the length LI from the left and right 
side air intake valves 11b, 11c to a perpendicular from 
the camshaft to the cylindrical axis A are set to satisfy 
the following relationship: L2 > L1. 

The fuel injection valve 50 is located along the dial 
line of the air intake port 48, and the left partitioning wall 
48e of the air intake port 48 is set to the same length as 
the right partitioning wall 48f. In this case, the upstream 
ends of the left and right partitioning walls 48e, 48f are 
located at some distance from the foregoing fuel injection 
valve 50, which causes the fuel from the fuel injection 
valve 50 to be directed toward, and be fed, hot just to the 
center air intake valve opening 9a, but to the left and right 
side air intake valve openings 9b, 9c as well. 

The valve shutdown mechanism on the air intake 
side is designed to have the ability to shut down either 
the left or right side air intake valves 1 lb, 1 1c, or both. 
The valve shutdown mechanism on the exhaust side is 
designed to have the ability to shut down the left exhaust 
valve 1 3a. No valve shutdown mechanism is provided for 
the center air intake valve 1 1 b or for the right exhaust 
valve 1 3b; accordingly both of said valves 1 1 b, 1 3b open 
and close normally 

In this case, having the ability to shut down either 
the left or right side air intake valves lib, 1 1c requires 
independent oil passages. To provide these independent 
oil passages, two oil passages may be formed in the 
above mentioned air intake cam carrier 20 running par- 
allel to the camshaft and at some distance from the left 
and right side fitter guide holes 20b, 20c, with branched 
oil passages from said oD passages connecting to the 
lifter guide holes 20b, 20c. 

In this second embodiment, during periods of low air 
intake requirements as shown in Figure 15(a), the left 
and right side air intake valves 11b, 11c, and the left 
exhaust valve 13a, are shut down, arid only the center 
air intake valve 11a and the right exhaust valve 1 3b open 
and close. As a result, all the air intake flows into the cyl- 
inder from the smallest diameter center air Intake valve 
opening 9a, and the speed of that flow increases in pro- 
portion to the reduction of the cross sectional area of the 
inflow. Also, since the intake air flows into the cylinder 
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from said center air intake valve opening 9a. which is the 
most distant from the cylindrical axis, there is no distur- 
bance of the direction of the flow caused by flows from 
the opposite direction, thereby assuring the generation 
of a strong flow in the cylinder and stabilizing the com- 5 
bustion of lean air/fuel mixture ratios. 

In addition, since the fuel injection valve located in 
the center of the air intake port 48 provides intake air 
mixed with fuel that is directed toward center air intake 
valve opening 9a and the spark plug 25 which is located 10 
near the cylinder axis, the mixture is concentrated in the 
area of the spark plug, thereby stabilizing the combustion 
of lean air/fuel mixture ratios. Also, in this embodiment, 
since the diameter of the center air intake valve opening 
is set to be the smallest of all the openings, the spark is 
plug can be shifted nearer the center air intake valve 
opening 9a to further improve combustion properties. 

During periods of mid-level air intake requirements, 
as shown in Figure 15(b), operational shutdown is 
negated on the right side air intake valve 11c and the left 20 
exhaust valve 13a so that only the left side air intake 
valve 1 lb is shut down. As a result there are inflows of 
the intake air from the center air intake valve opening 9a 
and the right side air intake valve opening 9c, whereby 
the flow in the cylindrical axial direction (tumble) and the 25 
flow along the inner cylindrical surface (swirl) are synthe- 
sized into a diagonal swirl, and this design further stabi- 
lizes the combustion of lean air/fuel mixture ratios. 

During periods of high air intake requirements, as 
shown in Figure 15(c), the inflow cross section is 30 
increased by the operation of the center and the left and 
right side air intake valves 11a-11c, and since there is 
no drag inside the air intake passage, the air intake is 
increased to a maximum air intake rate. 

Further, in this embodiment, since the center air 35 
intake valve 1 1 a is of the smallest diameter, it is possible 
to make smaller, the relief means in the crown surface of 
the piston 7 that eliminates interference between the pis- 
ton 7 and the valve head 11d of said center air intake 
valve 11a. Incidentally, since the center air intake valve 40 
is at the lowest position in the combustion chamber, and 
thereby the likelihood of interference between it and the 
top of the piston is increased, the prior art comprised a 
large relief area opposite the center air intake valve cut 
into the top surface of the piston, but this relief means 45 
caused the strength of the crown area of the piston to 
decline. This embodiment of the invention however, 
resolves this problem 

Figures 16 and 17 will be used to describe another 
embodiment (a third embodiment) of the engine air so 
intake device. 

In the Figures, parts conforming to those in Figures 
8 and 9 bear the same reference numbers. 

In this third embodiment, the diameter ratios have 
been set so that the diameter Die of the center air intake ss 
valve 11a, the diameter Dis1, Dis2 of the left and right 
side air intake valves 11b, 11c, and the diameter Del, 
De2 of the left and right exhaust valves 13a, 13b satisfy 
the following relationship: Die = Dis2 > Del = 


De2 > Drs1 . In other words, the left side air intake valve 
opening 9b evinces the smallest diameter. 

In addition the length relations have been set so that 
the length L3 from the center air intake valve 1 1 a to the 
perpendicular to the camshaft from the cylindrical axis 
A, the length L2 from the right side air intake valve 11c 
to the foregoing perpendicular to the camshaft, and the 
length LI from the left side air intake valve 1 lb to the 
foregoing perpendicular to the camshaft .are set to be: 
L3 > L2 > L1 . In other words, the above described dis- 
tance differs for all three air intake valves. 

In addition, the fuel injection valve 50 has been posi- 
tioned along a line extending from the left partitioning 
wall 48e of the air intake port 48, and the left partitioning 
wall 48e is the same length as the right partitioning wall 
48f in the air intake port 48. In this case, the upstream 
ends of the left and right partitioning walls 48e, 48f are 
located at some distance from the fuel injection valve 50, 
and as a result, the fuel from the fuel injection valve 50 
is primarily directed at the center air intake valve opening 
9a and at the left side air intake valve opening 9b. 

The valve shutdown mechanism on the air intake 
side is designed to have the ability to shut down either 
one or both of the center air intake valve 11a and right 
side air intake valve 1 1c at the same tima The valve shut- 
down mechanism on the exhaust side is designed to be 
able to shut down the left exhaust valve 13a. No valve 
shutdown mechanism has been provided for the left air 
intake valve 11b or the right exhaust valve 13b, and 
accordingly, both valves 11b, and 13b open and close 
normally. 

In this third embodiment, during periods of low air 
intake requirements, as shown in Figure 1 7(a). the center 
air intake valve 1 1 a. and the right side air intake valve 
1 1c, along with the left side exhaust valve 13a, are shut 
down, and only the left side air intake valve 11b and the 
right exhaust valve 13 b are opened and closed. As a 
result, all the air intake flows into the cylinder through the 
smallest diameter left side air intake opening 9b, with the 
inflow speed being raised in proportion to the reduction 
of the cross sectional area of the inflow. Also, since the 
intake air flows into the cylinder from the above men- 
tioned left side air intake valve opening 9b, which is clos- 
est to the cylindrical axis and located farthest to the 
outside of the cylinder in the camshaft direction, it is a 
strongly directional flow that is not disturbed by flows 
from the other side. As a result, a strong swirling flow is 
generated Inside the cylinder which provides stable com- 
bustion for lean air/fuel mixture ratios. 

During periods of mid-level air intake requirements, 
as shown in Figure 1 7(b), the valve shutdown is negated 
on the center air intake valve 1 1 a and on the left exhaust 
valve 13a, so that only the right side air intake valve 1 1 b 
is shut down. As a result, the intake air flows in through 
the center air intake valve opening 9a and the left side 
air intake valve opening 9b, creating flows that tumble in 
the axial direction of the cylinder and that swirl along the 
inside wall of the cylinder, merging into a diagonal swirl 
stabiOzing the combustion of lean air/fuel mixture ratios. 


11 


21 


EP 0 699 831 A2 


22 


Also, during periods of high air intake requirements, 
as shown in Figure 1 7(c), the center, left and right side 
air intake valves 1 1a-11c are alt operating to increase 
the cross-sectional area of the inflow, and because the 
air intake passage is free of drag on the inflow, the max- 
imum air intake volume is thereby increased. 

Figure 8 will be used to explain another embodiment 
of the invention (a fourth embodiment); parts in that Fig- 
ure identical to or corresponding to those in Figure 9 will 
bear the same reference numbers. 

In this fourth embodiment, the relationship between 
the diameters of the air intake and exhaust valves, the 
position of the fuel injection valve 50, and the shape of 
the left and right partitioning walls 48e and 48f are the 
same as shown in Figure 14. However, on the air intake 
side, the valve shutdown mechanisms only makes it pos- 
sible to shut down the operation of the center air intake 
valve 1 1 a on the air intake side, and of the right exhaust 
valve 13b on the exhaust side. 

In this fourth embodiment, during periods of low air 
intake requirements, as shown in Figure 18 (a), the 
center air intake valve 11 a and the right exhaust valve 
1 3b are shut down so that intake air flows in through the 
left and right side air intake valve openings 9b, 9c, and 
exhaust gas is expelled through the left exhaust valve 
13a. Thus, the intake air enters the cylinder from the left 
and right side air intake valve openings 9b, 9c on the left 
and right sides of the cylinder axis to facilitate the gen- 
eration of a tumbling action within the cylinder. 

During periods of mid-level air intake requirements, 
as shown in Figure 18(b), the center air intake valve 11a 
continues to be shut down, while the shutdown is 
negated on the right exhaust valve 13b. Hence a rela- 
tively large amount of intake air generates a tumbling 
action, as described for the above periods of low air 
intake, due to the inflows from the left and right side air 
intake valve openings 9b, 9c. In this case, since both 
exhaust valves are operating, the exhausting of the 
exhaust gases is thereby improved. 

Further, during periods of high air intake require- 
ments, all the air intake valves are operating to assure 
an adequate maximum air intake volume. 

In the above first through fourth embodiments, the 
valve shutdown took place in the absence of oi I pressure, 
and the valve shutdown was negated when oil pressure 
was present; however, the design also may be in the 
reverse manner whereby the presence of oil pressure 
could shut down the valves, and its absence could 
release them from the shutdown position. With this type 
of configuration, it is possible to provide a valve shutdown 
mechanism for all the valves, thereby increasing design 
latitude. 

To wit, by using a design whereby the valve shut- 
down would be negated in the absence of oil pressure, 
between the time when the engine is started and oil pres- 
sure is generated, all the valves would operate normally 
irrespective of whether or hot they are equipped with a 
valve shutdown mechanism. Incidentally, as in the exam- 
ple of the foregoing embodiments when the presence of 


oil pressure is required to negate the valve shutdown, if 
a shutdown mechanism is provided for all the valves, it 
may sometimes be impossible to start the engine, so at 
least one of the air intake valves and one of the exhaust 

5 valves must be left without a valve shutdown mechanism. 
Thus, in the foregoing examples, the valve shutdown 
mechanism was omitted for at least one each of the air 
intake and exhaust valves. 

Figure 19 win descrt>e an additional embodiment 

10 (5th embodiment). 

In the Figure, the reference numbers indicate parts 
that are identical with or correspond to those in Figure 9. 
In this Example, the valve shutdown is negated by the 
absence of oil pressure, and the shutdown mechanism 

is has been provided for aD the air intake valves 11 a-11 c. 
In this f ifth embodiment, the valve diameter relation- 
ships among the various air intake valves and exhaust 
valves, the position of the fuel injection valve 50, and the 
shape of the left and right partitioning wails 48e, 48f have 

20 been selected as shown in Figure 1 4. On the other hand, 
the valve shutdown mechanism on the air intake side has 
been designed so that any one of the center air intake 
valve 1 1 a or the left and right side air intake valves 11b, 
11c can be shut down. On the exhaust side, only the right 

25 exhaust valve 1 3b has been equipped with a valve shut- 
down mechanism to enable its operation to be shut 
down. 

In this fifth embodiment, in the interval between 
engine start and oil pressure generation, all the vafve 

30 shutdown mechanisms are negated, and all the valves 
open and dose normally so thai starting is in no way 
impaired. Then, during periods of low air intake require- 
ments, as shown in Figure 19(a), the left and right side 
air intake valves lib, 11c. and the right exhaust vafve 

35 1 3b are shut down, with the center air intake valve 11a 
being negated. As a result, air flows in through the center 
air intake valve opening 9a, and exhaust gas is expelled 
through the left exhaust valve 13a. In this manner, the 
air is taken in through the smallest diameter center air 

40 intake valve opening 9a, which is positioned most distant 
from the cylindrical axis A, thereby increasing the air 
inflow speed, imparting assured directionality, generat- 
ing a strong flow in the cylinder, and stabilizing the com- 
bustion of lean air/fuel mixture ratios. 

4S Also, in this case, the mixture is concentrated into 
the vicinity of the spark plug 25. thereby stabilizing the 
combustion of lean air/fuel mixture ratios. Also, since the 
center air intake valve opening 9a is designed to have 
the smallest diameter, it is possible to position the spark 

so plug 25 closer to the center air intake valve opening 9a 
to further improve combustion properties. 

During periods of mid-level air intake requirements, 
as shown in Figure 19(b), the center air intake valve 11a 
Is shut down, while the shutdowns of the left and right 

55 side air intake valves 11b, 11c, and on the right exhaust 
valve 13b are negated. In performing this switching, it is 
preferred that the left and the right side air intake valves 
1 1b, 1 1c be negated whfle the center air intake valve is 
En an operating status, and that the center air intake valve 
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1 1 a be shut down thereafter. This feature would dampen 
any shock that would occur during switch over. 

Due to the negate of the left and right side air intake 
valves 1 1 b, 1 1 c, a comparatively large amount of intake 
air enters the cylinder from the left and right side air s 
intake openings 9b, 9c, and a tumble such as described 
for the foregoing case during low air intake periods is 
generated. In this case, both the exhaust valves are oper- 
ational, and the exhaust gas is reliably expelled. 

Further, during periods of high air intake require* 10 
ments, all the air intake valves are operational to assure 
an adequate maximum air intake volume. 

Figure 20 shows a modification of the valve shut- 
down control of the foregoing first embodiment. In this 
modified example, during periods of low air intake is 
requirements (see (a) of that figure) valve shutdown con- 
trol is provided as in the foregoing first embodiment, but 
during periods of mid-level and high air intake require- 
ments, the control is different. To wit, during mid-level air 
intake requirement periods, as shown by (b) i n that same 20 
figure, the left exhaust valve 1 3a is shut down , and during 
high air intake requirement operations, a distinction is 
made between the operating ranges wherein a compar- 
atively smaller air intake volume is required and the 
ranges wherein a high air intake volume is required. In 25 
those operating ranges where a comparatively low air 
intake volume is required, as shown in (c*) of that figure, 
the center air intake valve 1 1a is negated, and the shut- 
down of the right air intake valve 13a is continued. Then, 
in operating ranges where high air intake volumes are 30 
required, all valves are opened. 

The above described structure operates just one of 
the exhaust valves during the front half of the aforemen- 
tioned operating range requiring high air intake volumes 
so that th e equival ent pipe length for the exhaust pipe in ss 
the high air intake operating range is effectively length- 
ened, as shown by the double dotted line in Figure 22 for 
the torque curve C\ and the torque is further improved 
during the high RPM operating ranges (high air intake 
requirement operating ranges). 40 

Figure 21 shows a modification of the valve shut- 
down control for the foregoing second embodiment In 
this modified embodiment, during periods of tow air 
intake requirements (see (a) of that figure), namely a 
period of high air intake requirements (see (c) in that fig- 45 
ure) , the shutdown control Is performed in the same man- 
ner as it was for the foregoing second embodiment, but 
the control differs during periods of mid-level air intake 
requirements. To wit, the mid-level air intake operating 
range is divided into one with comparatively low, and so 
another with comparatively high, air intake requirements. 
As shown by (b*) in the same figure, during the compar- 
atively low air intake requirement range, the center air 
intake valve 1 1a and the right side air intake valve 1 1c 
and the right exhaust valve 13b are the only ones oper- ss 
attonal, and the left exhaust valve 13a continues to be 
shut down. Then, when moving to the range for compar- 
atively higher air intake requirements, just as in the fore- 


going second embodiment, the left exhaust valve 13a 
becomes operational as well. 

With this type of structure, during the front half of the 
above described operating range requiring mid-level air 
intake, just one of the exhaust valves is operating so that 
the equivalent pipe length for the exhaust pipe in the mid- 
intake operating range Is effectively lengthened, and as 
shown by the double dotted line in Figure 22 for torque 
curve B\ the torque is further improved during mid- RPM 
operations (mid-level air intake requirement levels). 

The foregoing embodiments all pertained to five- 
valve engines with three air intake valves and two 
exhaust valves, but this invention can also be applied to 
engines with two, or four or more air intake valves which 
are divided between intake valves close to the cylindrical 
axis and those opposite the cylindrical axis. 

Also, in the foregoing embodiments, the valve lift 
curves for the air intake valves and exhaust valves were 
set according to the valve diameters as described below, 
and to make possible the above described valve shut- 
down control. 

For example, the maximum lift for a small diameter 
valve is set to be smaller than the maximum lift for a large 
diameter valve. Thus, in addition to the effectiveness 
obtained by using the above described small diameter 
valve, and by incorporating a valve shutdown controller, 
the following effects are derived. To wit, the diameter of 
the lifter for the small diameter valve may be decreased 
by the amount that the maximum lift is decreased for that 
small diameter valve to provide the space for increasing 
the lifter diameter for the large diameter valve, and to 
allow for the increased lift of the large diameter vafve. 
This in turn enables the ratio between the flow rates 
(dynamic range), that is the flow volume when the large 
diameter valve is shut down, to the flow volume when the 
small diameter valve is shut down, to be increased. As 
a result, the flows inside the cylinder during periods of 
low air intake requirements can be strengthened, and the 
maximum intake volume needed for periods with high air 
intake requirements can be further Increased. In addi- 
tion, this arrangement avoids the excess lift that is nor- 
mally provided for the small diameter valve. To wit, 
increasing the lift for the small diameter valve beyond that 
required has no effect on increasing the flow volume. 

In addition, the above described variable valve tim- 
ing device can be used or the shape of the cam noses 
can be designed to after the valve opening and closing 
timing when the engine is operating at low RPM ranges 
to diminish the overlap between the exhaust valves and 
the air intake valves. This can be accomplished by 
speeding the dosing timing for the exhaust valves and 
delaying the opening timing for the air intake valves. By 
so diminishing the overlap in low RPM operating ranges, 
it Is possible to improve low RPM range fuel consump- 
tion, to stabilize idling and raise the low speed torque. 

Further, the foregoing embodiments utilized differing 
valve diameters to obtain various operational effects, but 
similar effects could be obtained as well without chang- 
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ing the valve diameter, instead varying the lift and the 
seat angle a as shown in Figure 23. 

For example, as is shown in Figure 23. if the valve 
diameters in the foregoing examples were all the same, 
a low lift and the above described small seat angle a s 
could be used on the valve (air intake valve) position 
where a small valve would have been used, and a higher 
lift and a larger aforementioned seat angle a could be 
used for the valves (air intake valves) in the position 
where the larger diameter valves would have been 10 
located. By combining this feature with the valve shut- 
down mechanism described for the foregoing embodi- 
ments, a similar effectiveness to that obtained from the 
foregoing embodiments could be obtained for the follow- 
ing reasons. is 

The present inventors have experimentally con- 
firmed that if the lift is H, then the effective cross sectional 
area of the opening, and by extension, the flow volume, 
is proportional to Hcosa . To wit. as shown in Figure 24, 
as a becomes smaller (see curve A) there is an initial 20 
rapid increase (at low lift levels, see Fig. 23 (b)) in the 
flow volume, and even if the lift is increased, the bend 
drag dictates that the flow volume does not increase 
more (see Fig. 23 (c)). On the other hand, if a is large 
(see Curve B), the initial increase in the cross sectional 25 
area of the opening due to the valve opening is slow, and 
the increase in flow volume is also comparatively slow 
(see Fig. 23 (e)), and as the amount of lift increases the 
flow volume increases only through the areas with a low 
bend drag (see Fig. 23 (f)). 30 

Thus, when a is small and there is low lift the situ- 
ation is equivalent to having a smaller diameter valve, 
and when a is large and there is high lift, it is equivalent 
to a larger diameter valve, and as described above, the 
converse is true. Moreover, in the present case where 35 
the diameters of all the valves are the same, manufac- 
turing can be simplified by only using different seat 
angles a. Also, by using low lift on the foregoing low seat 
angle a valve, a high lift area can be used for the high 
seat angle a valve, and in either case the ai r i ntake coef- 40 
ficlent remains high and there is good air intake effi- 
ciency 

According to the above embodiments by providing a 
fuel injection valve which supplies mists of fuel directed 
at one or a plurality of air intake openings, and by pro- 45 
vfcftrtg a valve shutdown mechanism which can shut 
down some of the air intake valves, then, the shutdown 
of the valves being controlled based upon the engine 
operating status and the fuel injection conditions, during 
periods of low air intake requirements, some of the air so 
intake valves can be shut down to focus all the intake air 
into some of the air intake openings, thereby assuring 
reliable flows within the cylinder. In this case, since the 
fuel injection condition was assumed along with the 
intake valves to be shut down, it was possible to supply ss 
an appropriate amount of fuel injection and to achieve 
stabilized combustion. 

Also, during periods of high air intake requirements, 
by negating the shutdown on all the valves, air is intro- 


duced into the cylinder from all the valves, thereby effec- 
tively increasing the maximum air intake votuma 

When during periods of low air intake requirements, 
the first and second air intake valves are shut down and 
only the center air intake valve opening is used for air 
intake, and when the fuel is injected primarily toward the 
central air intake opening, in addition to the generation 
of a reliable tumbling action, the air/fuel mixture is at a 
relatively rich concentration in the vicinity of the spark 
plug, which stabilizes combustion. Also, during periods 
of mid-level air intake requirements, the first side air 
intake valve is shut down so that the inflow is confined 
to that from the center air intake valve opening and from 
the second side air intake valve opening, the tumble from 
the center air intake valve and the swirl from the side air 
intake valve being combined to effectively generate a 
diagonal swirl. During periods of high air intake require- 
ments, the effect is to increase the maximum air intake 
volume. 

Since the fuel is injected primarily toward the center 
air intake valve opening, the air/fuel mixture in the intake 
flow from this center air intake valve opening contains a 
great deal of fuel, while that from the first and second 
side air intake openings contains little fuel, thereby aiding 
in stratified combustion and stabilizing the combustion of 
lean air/Fuel mixture ratios. 

On the other hand, when the foregoing center air 
intake valve and the second side air intake valves are 
shut down the air intake is confined to that from the first 
side air intake valve opening, in order to reliably generate 
a swirl; during periods of mid-level air intake require- 
ments, only the center air intake valve is shut down, so 
that inflows come from the first and second side air intake 
valves to generate a tumble; during periods of high air 
intake requirements, the maximum air intake volume is 
effectively increased. 

Further, by supplying fuel to only the first side air 
intake valve and the center air intake valve, and not sup- 
plying any to the second side air intake valve, then, dur- 
ing periods of mid- and high level air intake, there is a 
stratification between the flow containing a fuel mixture 
and that which does not, thereby generating stratified 
combustion. 

On the other hand, when during periods of low air 
intake requirements, the foregoing center air intake valve 
and second side air intake valve are shut down, the inflow 
into the cylinder is confined to the air intake from the first 
side air intake valve, thereby effectively generating a 
swirl; during periods of mid-level air intake requirements, 
only the foregoing second side air intake valve is shut 
down, so that the inflows are from both the first side air 
intake valve and from the center air intake valve, the two 
flows effectively generating a diagonal swirl. Further, dur- 
ing periods of high air Intake, the effect is to increase the 
maximum air intake volume. 

Also, by directing the supply of fuel primarily toward 
the foregoing first side air intake valve opening and the 
center air intake valve opening, then, during periods of 
low and of mid-level air intake, there is a flow generated 
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in the cylinder that stabilizes combustion, and during 
periods of high air intake, the added air intake from the 
second side air intake valve opening which contains 
almost no fuel creates a stratified combustion, and this 
design too is effective in the stabilization of combustion 5 
of lean air/fuel mixture ratios. 

According to another embodiment during periods of 
lew air intake requirements, both side air intake valves 
are shut down and inflow occurs just through the center 
air intake valve, thereby increasing the flow speed and 10 
effectively generating a tumble. During mid-level air 
intake requirements, only the center air intake valve is 
shut down, and the inflows are confined to the first and 
second side air intake valves, thus generating a tumble- 
Also, the design is effective in increasing the maximum is 
air intake volume during periods of high air intake oper- 
ations. 

Also, since the fuel is directed at the first and second 
side air intake valve openings and at the center air intake 
opening in all the situations of low, mid-level, and high 20 
air intake requirements, an appropriate air/fuel mixture 
is obtained, which effectively allowing stable combustion. 

Furthermore, when during periods of low and mid- 
level air intake requirements, the center air intake valve 
is shut down the air flows enter from the first and second 25 
side air intake valves, thereby generating a tumble. Dur- 
ing high air intake periods, the maximum air intake vol- 
ume is effectively increased. 

Also, by directing the supply of fuel toward the first 
and second side air intake valve openings, an appropri- 30 
ate mixture is obtained during periods of low and mid- 
level air intake, but during high air intake periods, the 
inflow from the center air intake valve opening that con- 
tains almost no fuel effectively generates stratified com- 
bustion, effectively stabilizing the combustion of lean 35 
air/Fuel mixture ratios. 

Claims 

1 . Method for operating an internal combustion engine 40 
provided with an intake passage arrangement 
(48,48b,48c,48d) with a plurality of intake valves 

(1 la, 11 b,1 1 c) associated therewith, comprising the 
steps of supplying intake air via said intake passage 
arrangement through intake valve openings 45 
(9a,9b,9c) associated with said intake valves and 
operating said intake valves (1 1a,1 1b,1 1c) cyclically 
by means of a valve operating mechanism including 
a camshaft (1 6) characterised in that at least one 
of said intake valves (11 a, 11b, 11c) is temporarily so 
uncoupled from said valve operating mechanism 
and kept closed, while the intake air is supplied 
through at least one remaining intake valve opening. 

2. Method according to claim 1 characterised in that ss 
fuel is injected into said intake air in said intake pas- 
sage arrangement (43,48a,48b,48c,48d) towards at 
least one of said intake valves (1 la.llb.Hc). 


3. Method according to claim 1 or 2. characterised in 
that intake air is supplied through all intake valve 
openings (9a.9b,9c) under high load and high speed 
engine operating conditions, while at least one of the 
intake valves (11 a. 11b, 11c) is temporarily uncou- 
pled and kept closed under low load/low speed and 
medium toad/medium speed engine operating con- 
ditions 

4. Method according to claim 3 characterised in that 
fuel is injected at least towards one intake valve 
which is operated. 

5. Internal combustion engine comprising an intake 
passage arrangement (48,48a,48b,48c,48d) with a 
plurality of intake valves (lla,Hb,llc) associated 
therewith and an exhaust passage arrangement 
(47,47a,47b,47c) with at least one exhaust valve 
(1 3a, 13b) associated therewith, and a valve operat- 
ing mechanism including at least one camshaft 
(1 6. 1 7) for operating said intake and exhaust valves 
characterised in that means (1 8, 1 9) are provided 
for temporarily uncoupling at least one of said intake 
valves (11 a, 11b, 11c) from said valve operating 
mechanism. 

6. Internal combustion engine according to claim 5 
characterised in that said means (18,19) com- 
prises a valve lifter assembly (21a,21c,31a) switch- 
able between two states for coupling and 
uncoupling, respectively, the valve with the camshaft 
(16.17). 

7. Internal combustion engine according to claim 6 
characterised in that said valve lifter assembly 
(21a,21c,31a) comprises a first lifter member 
(21e,21d) and a second lifter member which are 
slideably received in a lifter guide hole (20a,20c,30a) 
and moveable relative to each other in a valve recip- 
rocating direction, and a moveable coupling member 
(24) for coupling said first and second lifter member 
with one another. 

8. Internal combustion engine according to claim 7 
characterised in that said means comprises a 
hydraulic Circuit (32,33,33a-33e,33i.33j.33o,33p, 
34,35) operatiyely connected with said coupling 
member (24). 

9. Internal combustion engine according to claim 7 or 
8 characterised in that said moveable coupling 
member (24) is slideably supported in said first lifter 
member (21d) with one side of said coupling mem- 
ber being engaged with a spring member (26) and 
the opposite side of said coupling member partly 
defining a pressure chamber communicated with 
said hydraulic circuit (33d,33e,33g). 
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1 0. Internal combustion engine according to at least one 
of claims 5 to 9 characterised In that control means 
(ECU) are provided for controlling said means 
(18,19) in response to engine operating conditions. 

5 

1 1 . Internal combustion engine according to at least one 
of claims 5 to 10 characterised in that the said plu- 
rality of intake valves (1 1a,1 1 b,1 1c) includes a cen- 
tre intake valve (11a) and a f'rst and second intake 
valve (1 lb, 1 1c) which are located on either side of w 
said centre intake valve (1 1 a). 

12. Internal combustion engine according to at least one 
of claims 5 to 1 1 characterised in that a first and 
second exhaust valve (10a, 10b) are provided. is 

13. Internal combustion engine according to claim 10 
characterised in that at least one of said side intake 
valves (1 1b, 1 1c) and said centre intake valve (11a) 

is associated with said switchable valve lifter assem- 20 
bly (21a,21b) for uncoupling the respective valve 
from the valve operating mechanism. 

14. Internal combustion engine according to claim 1 2 or 

1 3 characterised in that one of the exhaust valves 2s 
(13a) is associated with said switchable valve lifter 
assembly (31a) for uncoupling said one exhaust 
valve from the valve operating mechanism. 

15. Interna) combustion engine according to at least one 30 
of claims 5 to 14 characterised in that a fuel injec- 
tion device (50) is provided for injecting fuel into the 
intake passage arrangement (48,48a,48b,48c,48d) 
towards at least one intake valve opening (9a,9b,9c) 
associated with one of the intake valve 35 
(11a,11b,11c). 

1 6. Internal combustion engine according to at least one 
of claims 5 to 15 characterised in that the control 
means (ECU) is adapted to couple each of the 40 
valves (1 1a, 1 1b,1 1c.13a.13b) with the valve operat- 
ing mechanism under high load and high speed 
engine operating conditions. 

17. Internal combustion engine according to at least one 45 
of claims 5 to 16 characterised in that the control 
means (ECU) is adapted to uncouple said first and 
second side intake valves (1 1 b,l 1c) during low load 
and low speed engine operating conditions and to 
uncouple one of said side intake valves (1 Ibvl 1c) so 
during medium load and/or medium speed engine 
operating conditions. 

18. Internal combustion engine according to claim 17 
characterised in that fuel is supplied towards the ss 
centre intake valve (1 1a) and the first and second 
side intake valves (11b, 11c), with more fuel being 
injected towards the centre intake valve (1 la) than 


towards the first and second side intake valves 
(11b,11c). 

1 9. Internal combustion engine according to at least one 
of claims 5 to 16 characterised in that the control 
means is adapted to uncouple the centre intake 
valve (11a) during low load/lew speed and medium 
load/medium speed engine operating conditions. 

20. Internal combustion engine according to claim 19 
characterised in that fuel is injected towards the 
centre intake valve (1 1 a) and the first and second 
side intake valves (11b, 11c), with more fuel being 
injected towards said first and second side intake 
valves (11b,11c) than towards the centre intake 
valve (11a). 

21. Internal combustion engine according toat least one 
of claims 5 to 16 characterised in that the control 
means is adapted to uncouple the first and second 
side intake valves (11b,11d) during low load/low 
speed engine operating conditions and to uncouple 
the centre intake valve (11a) during medium 
load/medium speed engine operating conditions. 

22. Internal combustion engine according toat least one 
of claims 5 to 21 charactarised in that an effective 
cross sectional opening area of each of said side 
intake valves (1 1b,1 1c) is larger than the one of the 
centre intake valve (11a). 

23. Internal combustion engine according to at I east one 
of claims 5 to 16 characterised in that the control 
means (ECU) is adapted to uncouple the centre 
intake valve (1 1a) and the second side intake valve 
(11c) during low load and/or load speed engine 
operating conditions and to uncouple the centre 
intake valve (11a) during medium load and medium 
speed engine operating conditions. 

24. Internal combustion engine according to one of 
claims 21 to 23 characterised in that fuel is injected 
towards the centre intake valve (1 1a) and the side 
intake valves (1 1 a) and (11b). 

25. InternaJ combustion engine according to at I east one 
of claims 5 to 16 characterised in that the control 
means (ECU) is adapted to uncouple the centre 
intake valve (11a) and the second side intake valve 
(1 1c) during low load and/or low speed engine oper- 
ating conditions and to uncouple the second side 
intake valve (1 1c) during medium load and medium 
speed engine operating conditions. 

26. Internal combustion engine according to claim 25 
characterised in that fuel is injected towards the 
centre intake valve (11a) and the first and second 
side intake valve (11b,11c). with more fuel being 
injected towards the first side intake valve (11b) and 


16 


31 
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the centre intake valve (11 a) than towards the sec- 
ond side intake valve (11c). 

27. Internal combustion engine according to claim 25 or 
26 characterised in that an effective cross sec- s 
tional opening area of the centre intake valve (11a) 

is equal to the one of the second side intake valve 
(11c) and is larger than the one of the first side intake 
valve (lib). 

10 

28. Internal combustion engine according to at least one 
of claims 5 to 27 characterised in that a cam carrier 
(20,30) is associated with an intake camshaft (16) 
and an exhaust camshaft (1 7) each, said cam carrier 
(20,30) being affixed to a cylinder head and support- is 
ing said valve lifter assemblies (21,31). 
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